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DESCRIPTION 



Auxiliary for forming fine pattern and process for producing 
the same 

Technical Field 

The present invention relates to an auxiliary for fine 
pattern formation which is used in a pattern forming method 
by which a resist pattern with a pattern size of a resolution 
limit or less of a light-exposure wavelength can be formed 
by applying the auxiliary on a photoresist pattern to thicken 
the photoresist pattern in a fine processing upon 
manufacturing electronic parts such as a semiconductor and 
so on or a three-dimensional fine structured article such 
as a micro machine, and to a raw material polymer for the 
auxiliary and a production method of the raw material polymer - 

Background Art 

Photolithography technology has so far generally been 
employed in a fine processing upon manufacturing electronic 
parts such as a semiconductor and so on, a three-dimensional 
fine structured article and the like. In a photolithography 
method, a positive-working or negative-working radiation 
sensitive resin composition is used to form a resist pattern. 
Among these radiation sensitive resin compositions, a 
radiation sensitive resin composition comprising, for 
example, an alkali-soluble resin and a quinone diazide 
compound which is a photosensitive substance is widely being 
used as a positive-working photoresist. 
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By the way, in recent years, along with the tendencies 
which induce high degree of integration and high process speed 
of LSI, fining of the design rule is being required such as 
a quarter-micron or further finer in the fieldof manufacturing 
microelectronic devises. In order to respond to further 
fining of a design rule, light sources so far applied such 
as a visible light or a near-ultraviolet light (wavelength; 
400 to 300 nm) and so on are not enough as a light-exposure 
source. Therefore it is getting necessary to use a deep 
ultraviolet ray such as KrF excimer laser (248 nm) , ArF excimer 
laser (193 nm) and so on or further shorter wavelength 
radiation such as X-rays and electron beams, and then a 
lithographic process using these light sources has been 
proposed and has been coming into practice. In order to 
respond to the further fining of this design rule, higher 
resolution is also being required for a radiation sensitive 
resin composition that is used as a photoresist upon fine 
processing. Further, besides high resolution, an 

improvement of performance such as sensitivity and accuracy 
of image dimension are being required to a radiation sensitive 
resin composition in the same time. In order to respond it, 
"a chemically amplified radiation sensitive resin 
composition'' was proposed as a radiation sensitive resin 
composition having a high resolution and being sensitive to 
the radiation with short wavelength. This chemically 
amplified radiation sensitive resin composition contains a 
compound that generates an acid by irradiation of radiation 
and is advantageous in obtaining a high sensitivity by an 
image-formation step brought by the catalytic action of the 



acid generated from this acid generating compound by 
irradiation of radiation. Therefore the chemically 
amplified radiation sensitive resin composition is taking 
the place of the radiation sensitive resin composition so 
far applied and is prevailing. 

However, a pattern formation with a KrF excimer laser 
(248 nm) has not been catching up with a fine pattern size 
currently being required and there is a situation that a 
process by an ArF excimer laser (193 nm) has not yet been 
coming into practice. In this connection, a fine resist 
pattern forming method as follows is being proposed. That 
is, first a resist pattern is formed by use of a chemically 
amplified resist according to a pattern forming process with 
a KrF excimer laser . Next a water-soluble resin film is formed 
over the resist pattern by applying on the resist pattern 
an auxiliary for a fine pattern formation that is a 
water-soluble resin composition to be crosslinked or cured 
by an acid. The resist pattern and the auxiliary are 
full-exposed without a mask and/or heated and an acid is made 
diffused from the resist pattern into the water-soluble resin 
film, thereby the water-soluble resin film is crosslinked 
or cured to be made insoluble in a developer. Thereafter 
uncured area is removed by a development to thicken the resist 
pattern, eventually to narrow widths between resist patterns, 
and thereby a fining of a resist pattern is realized and a 
fine resist pattern below a resolution limit of a 
light-exposure wavelength is practically and effectively 
formed (see, for example, Japanese laid-open Patent 
Publication Nos . Hei 5-241348, Hei 6-250379 and Hei 
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10-73927. ) . 

This method is being paid attention as a useful method 
since it is not required to invest facilities of a high price 
such as a light-exposure device for a short wavelength and 
is possible to reduce a dimension of a space area of a resist 
pattern effectively. This auxiliary for a fine pattern 
formation comprising a water-soluble resin composition 
applied for a formation of a fine pattern has been already 
placed on the market such as RELACS series (manufactured by 
Clariant Japan K.K.)/ for example. 

The aforementioned auxiliary contains a modified 
polyvinyl alcohol which is water- or alkali-soluble and is 
protected with a protecting group (hereafter simply called 
^^modified polyvinyl alcohol" sometimes) as a component- On 
the other hand, it is known that polyvinyl alcohol generates 
an associated body by a hydrogen bond. This associated body 
is a kind of a high molecular gel and may be regarded as a 
body to be swollen with a solvent having a three dimensional 
network structure, in which the system is all over connected 
by a hydrogen bond. And polyvinyl alcohol is a crystalline 
polymer, and a crosslinked point thereof is thought to be 
an entangled point trapped among micro crystallites. This 
associated body is very tough in an aqueous solution, might 
cause defects such as a reduction of filtration speed upon 
using a filter of a size of 0.1 jam or less and so on, and 
a problem to be a cause of a foreign matter in an applied 
film. Furthermore, this associated body has a problem of 
stability with time that it is likely to be formed again even 
after the associated body is once removed. 
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The modified polyvinyl alcohol which is used as a raw 
material of an auxiliary for fine pattern formation contains 
a highmolecular weight body component based on the association 
in the same way as a polyvinyl alcohol, and has problems In 
a filtration property and stability with time. Therefore 
the auxiliary for fine pattern formation which was prepared 
by using this modified polyvinyl alcohol has the same problems 
as polyvinyl alcohol described above. Furthermore, 
concerning the auxiliary for fine pattern formation which 
was prepared by using this modified polyvinyl alcohol, there 
is another problem that an application defect takes place 
upon applying it on a substrate . In addition, there is further 
problem of a development defect in a pattern based on residue 
of an unnecessary auxiliary for fine pattern formation, which 
is not removed upon removal of the uncured auxiliary for fine 
pattern formation by development after applying the auxiliary 
for fine pattern formation on the resist pattern and then 
exposing it to light, followed by heating and so on, and 
remained on the resist pattern. 

Accordingly an object of the present invention is to 
offer an auxiliary for fine pattern formation on which the 
above-described problems are solved, namely which is good 
in a filtration property, has less number of application 
defects and development defects, is good in stability with 
time and can be used for a manufacture of a semiconductor. 

Another object of the present invention is to offer 
a modified polyvinyl alcohol which is used as a constitutional 
material in the above-described auxiliary for fine pattern 
formation and is excellent in f ilterability and stability 



5 



with time, and the production method thereof. 

Disclosure of Invention 

As a result of eager study and examination, the present 

inventors found that the above-described auxiliary having 

preferable characteristics can be obtained in the case where 

the content of a high molecular weight body component having 

the weight-average molecular weight of over 250,000 as 

determined by polyethylene glycol standards measured 

according to a gel permeation chromatography (GPC) method 

in the modified polyvinyl alcohol is less than the determine 

amount in an auxiliary for fine pattern formation containing 

a modified polyvinyl alcohol, and further the modified 

polyvinyl alcohol having such characteristics can be obtained 

by carrying out a heat treatment after removal of impurities 

from the modified polyvinyl alcohol if necessary to reach 

the present invention. 

It means that the present invention relates to an 
auxiliary for fine pattern formation comprising a modified 
polyvinyl alcohol ' protected with a protecting group, a 
water-soluble crosslinking agent and water or a mixed solvent 
of water and a water-soluble organic solvent, wherein the 
content of a high molecular weight body component having the 
weight-average molecular weight of over 250, 000 as determined 
by polyethylene glycol standards measured according to a gel 
permeation chromatography (GPC) method in the modified 
polyvinyl alcohol protected with a protecting group is 1000 
ppm or less in the modified polyvinyl alcohol. 

And also the present invention relates to the 
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above-described auxiliary for fine pattern formation, 
wherein the modified polyvinyl alcohol protected with a 
protecting group is one that was treated so as to remove acid 
components and metal ions therefrom. 

And also the present invention relates to the modified 
polyvinyl alcohol protected with a protecting group, wherein 
the amount of high molecular weight body components having 
weight-average molecular weight of 250,000 or more as 
determined by polyethylene glycol standards according to a 
gel permeation chromatography is 1,000 ppm or less. 

And also the present invention relates to a method of 
producing the modified polyvinyl alcohol protected with a 
protecting group, wherein a solution of modified polyvinyl 
alcohol protected with a protecting group is heat-treated 

at the temperature of 8 0®C or more. 

And also the present invention relates to the method 
of producing modified polyvinyl alcohol protected with a 
protecting group, wherein the solution of modified polyvinyl 
alcohol protected with a protecting group is heat-treated 
after a step of removing acid components and metal ions from 
the solution. 

Brief Description of Drawings 

Fig. 1 is a figure explaining steps to thicken a resist 
pattern by using an auxiliary for fine pattern formation, 
to narrow a size of gap between a resist pattern and a resist 
pattern and to form a resist pattern having a space width 
between patterns with a limit resolution or less. 
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Detailed Description of the Invention 

The present invention will be explained further in 
details in the following. 

In the present invention, as a protecting group of the 
modified polyvinyl alcohol protected with a protecting group, 
there can be illustrated a formyl group, an acetyl group, 
a malonyl group, a benzoyl group, a cynnamoyl group, a formal 
group, an acetal group, a butyral group, a t-butoxycarbonyl 
group, an ethoxyethylene group and so on. In modified 
polyvinyl alcohols protected with these protecting groups, 
the content of a high molecular weight body component having 
the weight-average molecular weight of over 250,000 as 
determined by polyethylene glycol standards measured 
according to a gel permeation chromatography (GPC) method 
(hereafter simply called ''the weight-average molecular 
weight according to GPC" ) needs to be 1000 ppm or less relative 
to the modified polyvinyl alcohol and the high molecular 
content is preferably 100 ppm or less. When the content of 
a high molecular weight component having a weight-average 
molecular weight according to GPC of 250, 000 or more exceeds 
1000 ppm, an auxiliary for fine pattern formation excellent 
in f ilterability , an application characteristic and a 
development characteristic cannot be obtained. Such 
modified polyvinyl alcohol, wherein the content of a high 
molecular weight body component having the weight-average 
molecular weight of 250, 000 or more according to GPC is 1000 
ppm, or less, can be produced by reacting polyvinyl alcohol 
with a compound forming a protecting group to form thereby 
a protecting group and thereafter carrying out a heat treatment 
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at 80°Cor higher, preferably at 90 °C or higher . Furthermore, 
in order to obtain the modified polyvinyl alcohol excellent 
in stability with time, it is required to remove impurities 
in the polymer solution by a removal treatment of acid 
components and metal ions before carrying out a 
heat-treatment • 

Both of the modified polyvinyl alcohols protected with 
a protecting group such as a formyl group, an acetyl group, 
a malonyl group, a benzoyl group, a cynnamoyl group, a formal 
group, an acetal group, a butyral group, a t-butoxycarbonyl 
group, an ethoxyethylene group and so on and the production 
methods thereof themselves are widely known. ' The modified 
polyvinyl alcohols to be heat-treated and be treated for 
removal of acid components and metal ions may be any one which 
is prepared according to any methods so far known . For example, 
a polyvinyl alcohol having an acetal group as a protecting 
group is prepared by dissolving the polyvinyl alcohol into 
water and carrying out the reaction with acetaldehyde in the 
presence of acids. A formal group or a butyral group can 
also be introduced by the reaction of a polyvinyl alcohol 
with formaldehyde or butylaldehyde in the same manner as the 
above-described introductory method of the acetal group. As 
the modified polyvinyl alcohol used in the present invention 
is required to be water-soluble, it is necessary to control 
a degree of modification, e.g. a degree of acetalization in 
an adequate range, in order to make the modified polyvinyl 
alcohol water-soluble after reaction. This requirement is 
the same in an introduction of other protecting groups. 
Examples of preferable protecting groups in the present 
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invention are a formal group, an acetal group and a butyral 
group. As polyvinyl alcohols to be used for the production 
of the modified polyvinyl alcohol, polyvinyl alcohols having 
a polymerization degree of 300 to 2400, preferably 500 to 
1000 and a saponification degree of 70 to 99 mole%, preferably 
88 to 95 mole% are usually used. 

The heat treatment condition in the production of the 
modified polyvinyl alcohol of the present invention is 80°C 
or higher, preferably 90°C or higher. In the case where a 
treating temperature is less than 80 °C, a content of a high 
molecular weight body component in a modified polyvinyl 
alcohol after the heat treatment is not reduced substantially . 
As a result, when an auxiliary for fine pattern formation 
is constituted by using this polymer, properties of the 
auxiliary such as application defects, development defects 
and filter ability are inferior to an auxiliary for fine pattern 
formation heat-treated at 80°C or higher. Time of heat 
treatment may not be particularly restrained since it varies 
with heat treatment temperature, however is preferably 5 
minutes or longer and more preferably 15 minutes or longer. 
The modified polyvinyl alcohol is dissolved in a solvent and 
the heat treatment is carried out in the state of a solution. 
Usually water is used as a solvent, the concentration is made 
to about 5 to 20% and the heat-treatment is conducted. 

A removal treatment of impurities such as acids and 
metal ions in a modified polyvinyl alcohol, which is carried 
out prior to heating, can be made by treating the modified 
polyvinyl alcohol solution with an ion exchange resin, for 
example. Many kinds of resins are already known as the ion 
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exchange resin applied for such removal treatment of acids 
and metal ions. In the present invention, the removal 
treatment of acids andmetal ions can be carried out by applying 
any one of ion exchange resins so far known or well known. 
The concentrations of metal ions and acids in the modified 
polyvinyl alcohol after removal treatment of impurities are 
preferably 1 - 0 ppm or less for the former and 50 ppm or less, 
preferably 5 ppm or less for the la'tter. 

In the auxiliary for fine pattern formation of the 
present invention, a water-soluble crosslinking agent and 
a solvent are contained besides these treated modified 
polyvinyl alcohols. The water-soluble crosslinking agent 
can be any one which can crosslink or cure the modified 
polyvinyl alcohols and form a developer-insoluble film by 
an acid. Examples of the water-soluble crosslinking agent 
include melamine derivatives, guanamine derivatives, urea 
derivatives^ glycol uril, alkoxy alkylated amino resin and 
so on as preferable ones. 

Among these water-soluble crosslinking agents, as the 
melamine derivatives, there are illustrated melamine, 
methoxy methylated melamine, ethoxy methylated melamine, 
propoxy methylated melamine, butoxy methylated melamine 
hexamethylol melamine and so on. As the guanamine 
derivatives, there are illustrated acetoguanamine, 
benzoguanamine and methylated benzoguanamine and so on. As 
the urea derivatives, there are illustrated urea, 
monomethylol urea, dimethylol urea, alkoxy methylene urea, 
N-alkoxy methylene urea, ethylene urea, and ethylene urea 
carboxylic acid and so on. 
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On the other hand, examples of the alkoxy alkylated 
amino resin include alkoxy alkylated melamine resin, alkoxy 
alkylated benzoguanamine resin, alkoxy alkylated urea resin 
and so on and specific examples thereof include methoxy 
methylated melamine resin, ethoxy methylated melamine resin, 
propoxy methylated melamine resin, butoxy methylated 
melamine resin, ethoxy methylated benzoguanamine resin, 
methoxy methylated urea resin, ethoxy methylated urea resin, 
propoxy methylated urea resin, butoxy methylated urea resin 
and so on. 

These water-soluble crosslinking agents can be used 
singly or in a combination of two or more thereof, and the 
compounding amount thereof is 1 to 7 0 parts by weight, 
preferably 10 to 33 parts by weight relative to 100 parts 
by weight of the modified polyvinyl alcohol. 

As a solvent, water or a mixed solvent of water and 
a water-soluble organic solvent is used. As regards water 
used as a solvent, there is no particular limit if it is water, 
however water from which organic impurities and metal ions 
are removed by a distillation, an ion exchange treatment, 
a filter treatment, a various kind of absorption treatment 
or the like, for example pure water is preferred. On the 
other hand, the water-soluble organic solvent may be any 
solvent capable of being dissolved at 0.1 % by weight or more 
in water. As the organic solvent which can be used in the 
present invention, there are illustrated, for example, 
alcohols such as methyl alcohol, ethyl alcohol, n-propyl 
alcohol, isopropyl alcohol (IPA) and so on; ketones such as 
acetone, methyl ethyl ketone , 2-heptanone, cyclohexanone and 
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so on; esters such as methyl acetate, ethyl acetate and so 
on; ethylene glycol monoalkyl ethers such as ethylene glycol 
monomethyl ether, ethylene glycol monoethyl ether and so on; 
ethylene glycol monoalkyl ether acetates such as ethylene 
glycol monomethyl ether acetate, ethylene glycol monoethyl 
ether acetate and so on; propylene glycol monoalkyl ethers 
such as propylene glycol monomethyl ether, propylene glycol 
monoethyl ether and so on; propylene glycol monoalkyl ether 
acetates such as propylene glycol monomethyl ether acetate, 
propylene glycol monoethyl ether acetate and so on; lactic 
esters such as methyl lactate, ethyl lactate and so on; 
aromatic hydrocarbons such as toluene, xylene and so on; amides 
such as N, N-dimethylacetamide, N-methylpyrrolidone and so 
on; lactones such as y -butyrolactone and so on. As 
preferable organic solvents, there are illustrated C1-4 lower 
alcohols such as methyl alcohol, ethyl alcohol, n-propyl 
alcohol, isopropyl alcohol, N, N-dimethylf ormamide, 
dimethylsulf oxide and so on. These organic solvents can be 
used singly or in a combination of two or more thereof. These 
solvents are used at the amount where they do not dissolve 
a resist pattern. 

And also additives such as a surfactant may be 
incorporated in the auxiliary for fine pattern formation of 
the present invention, if necessary. Examples of the 
surfactant include Fluorad manufactured by 3M Co., Ltd., 
Nonypol manufactured by Sanyo Kasei kogyo K.K., Megafac 
manufactured by Dai-Nippon Ink & Chemicals, Inc., acetylene 
alcohols, acetylene glycols, polyethoxylate of acetylene 
alcohols, and polyethoxylate of acetylene glycols. 
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The auxiliary for fine pattern formation of the present 
invention comprises 1 to 30 parts by weight of a modified 
polyvinyl alcohol which was heat-treated or impurity 
removal-treated and heat-treated, preferably 2 to 15 parts 
by weight/ and 0.01 to 10 parts by weight of a water-soluble 
crosslinking agent, preferably 0.1 to 5 parts by weight 
relative to 100 parts by weight of water or a mixture of water 
and a water soluble solvent. 

The resist pattern on which the auxiliary for fine 
pattern formation of the present invention is applied may 
be one formed according to the methods so far known or well 
known. An example thereof will be explained by referring 
to Fig .1(a) and (b) . First as shown in Fig. 1 (a) , a chemically 
amplified radiation sensitive resin composition is applied 
on a substrate to be processed, for example a semiconductor 
substrate l,and pre-bake is carried out, if necessary (for 
example, at a baking temperature of 70 to 150°C for a minute 
and like) to form a photoresist layer 2 . Next, after exposing 
to light through a photo-mask which is not illustrated in 
the figure, the photoresist layer is post-exposure baked (PEB) 
(for example, at a baking temperature of 50 to 150^C) if 
necessary, developed, and post-development baked (for 
example, at a baking temperature of 60 to 120°C) if necessary, 
to form a positive resist pattern 3 as shown in Fig. 1 (b) . 

The semiconductor substrate to be used for forming a 
resist pattern described above may be a bare semiconductor 
substrate or a substrate of a silicon or the like having a 
silicon oxide layer , a metal layer such as aluminum, molybdenum, 
chromium and so on, a metal oxide layer such as ITO and so 
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on, and a silicon layer such as polysilicon on the surface 
thereof, if necessary and further a substrate on which a 
circuit pattern or a semiconductor element is formed. The 
application of a chemically amplified radiation sensitive 
resin composition is made according to the methods so far 
publicly known such as a spin coating method, a roll coating 
method, a land coating method, a flow and spread coating method, 
a dip coating method and so on. Examples of light-exposure 
sources to be used include deep ultra violet light such as 
a KrF excimer laser, an ArF excimer laser. X-rays, electron 
beams and so on. Furthermore, a developer for a photoresist 
film may be any one which can develop a chemically amplified 
radiation sensitive resin composition to be applied, and 
usually an alkali aqueous solution of tetramethyl ammonium 
hydroxide, sodium hydroxide or the like is used. A 
development method may be any one so far applied for a 
development of a photoresist such as a paddle method or a 
spray method. By the way, a radiation sensitive resin 
composition may be one wherein acids are diffused f roma resist 
pattern 3 into a coated layer 4 by the exposure and/or heating 
after forming the resist pattern and is not limited to the 
above -de scribed chemically amplified positive-working 
radiation sensitive resin composition. 

In the next step, the method wherein a coated layer 
which is crosslinked with an acid on the resist pattern is 
formed and the distance between resist patterns is narrowed 
to form a pattern having a width below a limit resolution 
of a light-exposure wavelength will be explained by referring 
to Fig. 1 (c) to (e) . First, as shown in Fig. 1 (c) , the 
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auxiliary for fine pattern formation of the present invention 
is applied on a resist pattern 3, baked, if necessary (for 
example, at a baking temperature of 65 to 85**C for about a 
minute) to form a coated layer 4. Next, exposed to light 
and/or baked (for example, at a baking temperature of 90 to 
140°C for about a minute) in order to diffuse acids from the 
resist pattern 3 into the coated layer 4. Thereby acids are 
diffused from the resist pattern 3 to form a crosslinked or 
cured layer 5 on the coated layer 4 as shown in Fig. 1 (d) . 
The coated layer 4 is developed with a developer for an 
exclusive use, the coated layer which is neither crosslinked 
nor cured is removed to form a pattern which was thickened 
by the crosslinked or cured layer 5 as shown by Fig. 1 (e) , 
eventually the space between resist patterns is narrowed to 
form a pattern having a width below a limit resolution of 
light-exposure wavelength. The formed pattern is used as 
a resist-mask for a fine processing of a substrate or resist 
masks for treatment such as an etching mask, an ionic 
implantation mask and so on. 

Best Mode for Carrying Out the Invention 

The present invention will now be described more 
specifically by reference to Examples which, however, are 
not to be construed to limit the present invention in any 
way . 

Production Example [Production of acetalized polyvinyl 
alcohol] 

Polyvinyl alcohol (PVA) of saponification value, 88% 
and degree of polymerization, 500 manufactured by Nippon 
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Synthetic Chemical Industry Co., Ltd. was reacted with 
acetaldehyde to acetalize in the presence of hydrochloric 
acid catalyst. Then the reaction product was neutralized 
with an aqueous sodium hydroxide solution and a modified PVA 
of acetalization ratio, 30mole% (polymer a) was synthesized. 
A sodium ion content in polymer a was 28 ppm, an acetic acid 
ion content was 1, 250 ppm and a chlorine ion content was 221 
ppm. 

In the next step, the polymer a was demetal-ionization 
treated with an ion exchange resin, Amberlight EG-290 
manufactured by Organo Corp. to remove metal ions, then it 
was deacidif ication-treated with an ion exchange resin, 
Amberlyst IRA96SB manufactured by Organo Corp. in order to 
remove acids to obtain a modified PVA from which metal ions 
and acids were removed (polymer A) . Polymer A was finally 
prepared to be an aqueous solution with 10% concentration. 
By the above-described ion exchange treatment, a sodium ion 
content in the modified PVA was reduced from 2 8 ppm to 5 ppb, 
an acetic acid content was reduced from 1,250 ppm to 41 ppm, 
and a chlorine ion content was reduced from 221 ppm to 1 ppm 
or less. 

By the way, the sodium ion content was measured according 
to an atomic absorption method and the acetic acid ion and 
chlorine ion contents were measured according to an ion 
chromatography method. 

Example 1 

1 kg of 10 weight-% aqueous solution of Polymer A was 
put into a three neck flask, and was heat-treated at 100**C 
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in an oil bath for 180 minutes to obtain Polymer B. A 
measurement of a high molecular weight body component with 
a weight average molecular weight of 250,000 or higher 
according to GPC (hereafter simply referred to as a high 
molecular weight body component") in the Polymer B and an 
evaluation of f ilterability was made as follows . The results 
were shown in Table 1 . 

Measurement of a high molecular weight body component in the 
polymer : 

LC module-1 (manufactured by Waters Co.) was applied 
as a GPC measurement device, and SB-800P, SB-804HQ, SB-803HQ 
and SB-802.5HQ (all manufactured by Showa Denko Co., Ltd.) 
were applied as a column. An eluate was prepared by adding 
1 part by weight of acetonitrile into 9 parts by weight of 
0.1 mole/liter aqueous sodium nitrate solution. Flow speed 
was made to be 0.8 milliliter (ml)/ minute (min) , injection 
rate of a sample was made to be 200 micro-liter and the 

column temperature was made to be at 40''C. 

A measurement was made by dissolving 0.50gofl0 weight- % 
aqueous solution of Polymer B into 10 ml of an eluate, carrying 
out a separation according to a molecular weight by GPC in 
the above-described condition and detecting and calibrating 
a high molecular weight body component with the weight average 
molecular weight of 250,000 or higher as determined by 
polyethylene glycol standards. A calibration was made by 
calculating based on an area ratio of a high molecular weight 
body component of the weight average molecular weight of 
250,000 or higher as determined by polyethylene glycol 
standards relative to a main peak area. 
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Evaluation of f ilterability 

A change of filtering speed of 3 weight-% aqueous 
solution of Polymer B was inspected by carrying out a 
pressure-filtration at 1 , 4 kgf /cm^ of nitrogen pressure with 
a filter made of polytetraf luoroethylene (PTFE) with pore 
sizeof0.20]im and diameter of 13 mm (manufactured by Mikrolis 
Co.) . An evaluation of f ilterability was made by measuring 
a filtered amount for one minute of 2-3 minutes after a start 
of a filtration and a filtered amount for one minute of 9-10 
minutes after a start of a filtration, comparing these values 
and evaluating according to the criteria described below. 

[Evaluation criteria of f ilterability] 

O- Reduced amount of a filtered amount for one minute of 9-10 
minutes after a start of filtration towards a filtered amount 

for one minute of 2-3 minutes after a start of a filtration 
is 30% or less. 

X ■ Reduced amount of a filtered amount for one minute of 9-10 
minutes after a start of filtration towards a filtered amount 
for one minute of 2-3 minutes after a start of a filtration 
exceeds 30%. 

Example 2 

1 kg of 10 weight-% aqueous solution of Polymer A was 
put into a three neck flask, and it was heat-treated at 100**C 
in an oil bath for 15 minutes to obtain Polymer C. GPC 
measurement was carried out in the same manner as Example 
1 and an amount of a high molecular weight body component 
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in the Polymer C was obtained . An evaluation of f il terability 
of polymer C was made in the same manner as Example 1. The 
results were shown in Table 1. 

Example 3 

1 kg of 10 weight-% aqueous solution of Polymer A was 
put into a three neck flask, and it was heat-treated at 80°C 
in an oil bath for 180 minutes to obtain Polymer D. GPC 
measurement was carried out in the same manner as Example 
1 and an amount of a high molecular weight body component 
in the Polymer D was obtained . An evaluation of fil terability 
of Polymer D was made in the same manner as Example 1. The 
results were shown in Table 1. 

Comparison Example 1 

GPC measurement of Polymer A obtained in the Production 
Example was carried out in the same manner as Example 1 and 
a high molecular weight body component in the Polymer A was 
obtained- An evaluation of f ilterability of Polymer A was 
made in the same manner as Example 1. The results were shown 
in. Table 1. 

Comparison Example 2 

1 kg of 10 weight-% aqueous solution of Polymer A was 
put into a three neck flask, and it was heat-treated at 60°C 
in an oil bath for 180 minutes to obtain Polymer E. GPC 
measurement was carried out in the same manner as Example 
1 and an amount of a high molecular weight body component 
in the Polymer E was obtained . An evaluation of f ilterability 
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of Polymer E was made in the same manner as Example 1. The 
results were shown in Table 1. 

Table 1 
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From Table 1 , it is seen that by heat-treating a modified 
PVA at the temperature of 80 °C or higher an amount of a high 
molecular weight body component in the polymer is drastically 
reduced and that the modified PVA of the present invention 
having reduced amount of a highmolecular weight body component 
shows extremely good in a f ilterability . 

Example 4 

[Preparation of an auxiliary for fine pattern formation] 
ICQ parts by weight of Polymer B obtained in Example 
1 and 19 parts by weight of a water-soluble crosslinking agent 
of a urea derivative were dissolved in 1,470 parts by weight 
of a mixed solvent of pure water and isopropyl alcohol which 
is a water-soluble solvent (5 parts by weight of isopropyl 
alcohol relative to 95 parts by weight of pure water) to prepare 
an auxiliary B for fine pattern formation (Composition B) . 
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Next, Composition B was put into '^Defects inspection 
after application'' and ''Defects inspection after 
development" below . 

[Defects inspection after application] 

Composition B was spin-coated on a bare 8-inch silicon 
wafer, followed by pre-baking it at 85^C for 70 seconds on 
a direct hotplate to form a film of 0.35 |im in thickness. 
Inspection of defects of the coated film was carried out by 
use of a surface defects inspector KLA-2115 manufactured by 
KLA Tencor Co. An evaluation of number of defects after 
application was carried out with all application defect number 
on the wafer. The result was shown in Table 2. 

[Defects inspection after development] 

AZ KrF-17B80 manufactured by Clariant Co. C'AZ" is a 
registered trademark, hereafter the same) was spin-coated 
on a bare 8-inch silicon wafer, followed by baking it at 180**C 
for 60 seconds on a direct hotplate to prepare an 
anti-reflective coating of 0.080 ]im in thickness. Further 
AZ DX5240P(7cP) manufactured by Clariant Co. was spin-coated 
thereon, followed by pre-baking it at 90®C for 60 seconds 
on a direct hotplate to form a resist film of 0.450 \im in 
thickness. The resist film was exposed to light through a 
binary mask selectively by KrF excimer laser of 248.4 nm in 
wavelength, followed by carrying out a post exposure bake 
(PEB) at 120**C for 60 seconds on a direct hotplate, and 
paddle-developing using AZ 300MIF manufactured by Clariant 
Co. (a 2.38 weight-% tetramethylammonium hydroxide aqueous 
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solution) for 60 seconds to form a hole pattern on the silicon 
wafer. Composition B was spin-coated on this hole pattern 
and baked at 85°C for 70 seconds on a direct hotplate to form 
a film of 0.350 \xm in thickness. Next, after conducting a 
bake (mixing bake) on a direct hotplate at 110**C for 70 seconds 
in order to promote a crosslinking reaction at the interface 
between the resist layer and the auxiliary for fine pattern 
formation, a water stream development with AZ R2 developer 
manufactured by Clariant Co. was carried out for 60 seconds 
to form a fine pattern. By using a surface defects inspector 
KLA-2115 manufactured by KLA Tencor Co., a measurement of 
defects inspection after development was carried out. An 
evaluation of defect number after development was made by 
regarding as a defect after development in the case where 
a pattern was not developed completely and a bridge was formed 
on a hole pattern, and regarding the number of the total defects 
on a wafer as the number of defects after development. The 
result was shown in Table 2, 

Example 5 

The same manner was taken as Example 4 except applying 
Polymer C obtained in Example 2 instead of Polymer B to prepare 
an auxiliary C for fine pattern formation (Composition C) . 
In the same manner as Example 4, ^^Defects inspection after 
application" and '^Defects inspection after development" of 
the Composition C were carried out. The results were shown 
in Table 2 . 

Example 6 
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The same manner was taken as Example 4 except applying 
the Polymer D obtained in Example 3 instead of Polymer B to 
prepare an auxiliary D for fine pattern formation (Composition 
D) . In the same manner as Example 4, ''Defects inspection 
after application" and ''Defects inspection after 
development" of the Composition D were carried out. The 
results were shown in Table 2 . 

Comparative Example 3 

The same manner was taken as Example 4 except applying 
the Polymer A which was not heat-treated and obtained in the 
Production Example instead of Polymer B to prepare an auxiliary 
A for fine pattern formation (Composition A) . In the same 
manner as Example 4, "Defects inspection after application" 
and "Defects inspection after development" of the Composition 
A were carried out. The results were shown in Table 2. 

Comparative Example 4 

The same manner was taken as Example 4 except applying 
the Polymer E obtained in Comparative Example 2 instead of 
Polymer B to prepare an auxiliary E for fine pattern formation 
(Composition E) . In the same manner as Example 4, "Defects 
inspection after application" and "Defects inspection after 
development" of the Composition E were carried out. The 
results were shown in Table-2 . 
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Table 2 





Polymer 


Amount of 

High 
molecular 
weight body 
component 
(ppm) 


Number of defects 
after application 

(pieces/wafer) 


Number of defects 
after development 

(pieces/wafer) 


Example 4 


B 


100 or less 


50 


65 


Example 5 


C 


100 or less 


55 


72 


Example 6 


D 


300 


75 


84 


Comparative 
Example 3 


A 


2700 


160 


183 


Comparative 
Example 4 


E 


2400 


112 


146 



From Table 2, it is seen that the number of application 
defects upon application and formation of patterns and the 
number of development defects are drastically improved for 
the auxiliary for fine pattern formation of the present 
invention which was prepared by using a modified PVA with 
extremely low amount of a high molecular weight body component 
compared with the auxiliary for fine pattern formation which 
was prepared by using a modified PVA prepared without carrying 
out a heat-treatment or an appropriate heat-treatment and 
having over 1000 ppm of amount of a high molecular weight 
body component and the auxiliary for fine pattern formation 
of the present invention had extremely excellent 
characteristics . 

[Evaluation of stability with time] 
Example 7 
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Polymer B was stored at the room temperature (25*'C) 
and at a low temperature {5°C) for two weeks and for one month . 
Thereafter an amount of a high molecular weight body component 
in Polymer B was measured respectively by GPC. The results 
were shown in Table 3. 

Comparative example 5 

1 kg of 10 weight % aqueous solution of Polymer a of 
the Production Example, which was not ion-exchange treated, 
was put into a three neck flask and heat-treated in an oil 
bath at lOCC for 180 minutes to obtain Polymer F. The amount 
of a high molecular weight body component in Polymer F was 
measured by GPC in the same manner as Example 1 and was a 
good result as 100 ppm or less. Polymer F was stored at the 
room temperature (25°C) and at a low temperature (5**C) for 
two weeks and for one month, thereafter each amount of a high 
molecular weight body component was measured by GPC. The 
results were shown in Table 3. 



Table 3 

Results of test for stability with time 
(Amount of a high molecular weight body component (ppm) ) 





Before 
storage 


After storage 
for 2 weeks 


After storage 
for 1 month 


Storage 
at 5°C 


Storage 
at 25°C 


Storage 
at 5°C 


Storage 
at 25*'C 


Example 7 


100 or less 


100 


200 


200 


200 


Comparative 
Example 5 


100 or less 


4000 


5800 


9900 


10800 
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From Table 3, it is seen that the modified PVA excellent 
in stability with time could be supplied by carrying out 
impurities removal step. 

Advantages of the Invention 

As mentioned above in detail, an auxiliary for fine 
pattern formation which has excellent characteristics such 
as good f ilterability and less defects upon application or 
a pattern formation, the rawmaterial thereof and a production 
method of the raw material polymer are proposed by the present 
invention. Furthermore an auxiliary for fine pattern 
formation which is excellent in stability with time, a raw 
material polymer thereof and a production method of the raw 
material polymer can be offered by the present invention. 
Thereby in a fine processing for electronic parts such as 
a semiconductor or a production of a three-dimensional fine 
structured article, the pattern with less size than a limit 
resolution of a light-exposure wavelength can be formed with 
a high accuracy and a high throughput in accordance with a 
design rule as designed. 

Industrial Applicability 

The auxiliary for fine pattern formation of the present 
invention is used for forming a resist pattern with a pattern 
size of a resolution limit or less of a light-exposure 
wavelength in fine processing upon manufacturing electronic 
parts such as a semiconductor and so on or a three-dimensional 
fine structured article such as a micro machine. Further 
the modified polyvinyl alcohol of the present invention is 
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ef erably used as a material constituting the above auxiliary 
r fine pattern formation. 
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